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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device for 
forming a silicon thermal oxidation film, wherein 
evenness of film-thickness is improved while 
reproducibility is also improved. 

SOLUTION: For a formation device for forming a silicon 
oxide film by allowing oxygen, H2 O gas oxidation 
species, and a wafer 3 to react directly in a reaction 
chamber 2, an H2 O gas generating device 24 for 
obtaining H2 O gas through the catalytic reaction of Pt 
and Ni from hydrogen gas and oxygen gas is provided at 
a pre-stage of the reaction chamber 2. Furthermore, a 
pre-reaction chamber where the transportation 
atmosphere of the wafer 3 is controlled is provided, 
while a slow exhaust line 25, a main evacuation line 26, 
and an excessive gas evacuating line 27 are provided for mm 
allowing the reaction chamber 2 to be at a desired 
vacuum level. 
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[Document Name] Claims for Patent 
[Claim 1] 

A producing method of a semiconductor device, 
characterized by comprising: 

a step for transferring a plurality of substrates into 
a processing chamber; 

a step for supplying oxygen-containing gas from upstream 
of said plurality of substrates transferred into said processing 
chamber ; 

a step for supplying hydrogen -containing gas from upstream 
of said plurality of substrates transferred into said processing 
chamber and from a half-way location corresponding to a region 
where said plurality of substrates exist; 

a step for allowing said oxygen-containing gas and 
hydrogen-containing gas to react with each other in said 
processing chamber to oxidize said plurality of substrates; and 

a step for transferring said processed substrates out from 
said processing chamber, wherein 

in the step for supplying said hydrogen-containing gas, 
flow rates of said hydrogen-containing gas supplied from the 
supply locations are different from each other. 
[Claim 2] 

A producing method of a semiconductor device as recited 
in claim 1, characterized in that 
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the step for oxidizing said substrates is carried out in 
a state in which pressure in said processing chamber is lower 
than atmospheric pressure. 
[Claim 3] 

A producing method of a semiconductor device as recited 
in claim 1, characterized in that 

said oxygen-containing gas is at least one of gases 
selected from the group consisting of oxygen gas and nitrous 
oxide gas, and said hydrogen-containing gas is at least one of 
gases selected from the group consisting of hydrogen gas , ammonia 
gas and methane gas . 
[Claim 4] 

A producing method of a semiconductor device as recited 
in claim 1 , characterized in that 

said oxygen-containing gas is oxygen gas and said 
hydrogen-containing gas is hydrogen gas. 
[Claim 5 1 

A producing method of a semiconductor device as recited 
in claim 1, characterized in that 

a surface of said substrate includes different crystal 
orientation planes, or includes polycrystalline silicon by CVD 
or silicon nitride. 
[Claim 6] 

A substrate processing apparatus, characterized by 
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comprising : 

a processing chamber which processes a plurality of 
substrates ; 

a holding tool which holds said plurality of substrates 
in said processing chamber; 

an oxygen-containing gas supply line which supplies 
oxygen-containing gas to said plurality of substrates from 
upstream of said plurality of substrates; 

hydrogen-containing gas supply lines which supply 
hydrogen-containing gas to said substrates from upstream of said 
plurality of substrates and from a half-way location 
corresponding to a region where said plurality of substrates 
exists ; 

an exhaust line which exhaust inside of said processing 
chamber; and 

a control means which controls such that flow rates of 
said hydrogen-containing gas supplied from the 
hydrogen-containing gas supply lines are different from each 
other . 
[Claim 7] 

A substrate processing apparatus as recited in claim 6, 
characterized in that 

said substrate processing apparatus further comprises a 
control means which controls such that pressure in said 
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processing chamber becomes lower than atmospheric pressure. 
[Claim 8] 

A substrate processing apparatus as recited in claim 6, 
characterized in that 

said hydrogen-containing gas supply lines comprise a 
supply line which supplies hydrogen-containing gas from upstream 
of said plurality of substrates and a supply line which supplies 
said hydrogen-containing gas from a half-way location 
corresponding to the region where the plurality of substrates 
exist, said supply lines are disposed independently from each 
other, and said control means controls such that flow rates of 
said supply lines are different from each other. 
[Claim 9] 

A substrate processing apparatus as recited in claim 6, 
characterized in that 

said hydrogen-containing gas supply lines comprise a 
supply line which supplies hydrogen -containing gas from upstream 
of said plurality of substrates and a plurality of supply lines 
which supply said hydrogen-containing gas from a plurality of 
half-way locations corresponding to the region where the 
plurality of substrates exist, said supply lines are disposed 
independently from each other, and said control means controls 
such that flow rates of said supply lines are different from 
each other. 
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[Claim 10] 

A substrate processing apparatus as recited in claim 8, 
characterized in that 

said supply lines respectively have mass flow controllers . 
[Claim 11] 

A substrate processing apparatus as recited in claim 9, 
characterized in that 

said supply lines respectively have mass flow controllers . 
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[Document Name] Specification 

[Title of the Invention] Producing Method of 

Semiconductor Device and Substrate Processing Apparatus 
[Technical Field] 
[0001] 

The present invention relates to a producing method of 
a semiconductor device and a substrate processing apparatus 
for subjecting a surface of a substrate such as a semiconductor 
wafer to oxidation processing. 
[Background Art] 
[0002] 

In a step for allowing oxidation reaction to take place 
directly on an Si substrate (wafer) which is formed in the 
course of semiconductor process, and from which different Si 
crystal planes are exposed, in a conventional oxidation 
technique , oxidation speed is different depending upon crystal 
plane. As a result, there is a problem that an oxide film 
having uneven film thickness is formed on a substrate, and 
characteristics are varied depending upon location on the 
substrate . 
[0003] 

As a step in which different Si crystal planes are exposed 
from a substrate, there is element-isolation known as Shallow 
Trench Isolation (STI) , and a forming step of a vertical type 
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MOS transistor in which an Si substrate is embedded. By forming 
a groove on the Si substrate by dry etching, different surface 
orientations are exposed from a side surface and a bottom 
surface of the groove. In the STI step, Si 3 N 4 is exposed from 
the substrate surface by the oxidation step, and it is required 
to bring oxidation speed on the Si 3 N 4 closer to oxidation speed 
on the Si substrate, and to obtain the same oxide film 
thicknesses as close as possible. 
[0004] 

As conventional oxidation methods, there are a dry 
oxidation method and a wet oxidation method. In the dry 
oxidation method, the pressure of atmosphere in a reaction 
chamber is set to normal pressure or vacuum pressure, and 
oxidation processing of a substrate is carried out in atmosphere 
in which oxygen partial pressure is adjusted by means of oxygen 
alone, or N 2 , Ar and the like. In the wet oxidation method, 
oxidation processing of a substrate is carried out utilizing 
moisture formed by mixing oxygen and hydrogen with each other 
in a front stage of a reaction chamber . As a method for forming 
moisture by mixing hydrogen and oxygen with each other, there 
are widely utilized a method in which temperature is increased 
to ignition temperature of hydrogen and oxygen or higher by 
resistance heating or lamp light-gathering heating to burn, 
and a method in which hydrogen and oxygen are allowed to react 
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with each other by catalysis at ignition temperature or lower 
(see patent document 1). 

[patent document 1] Japanese Patent Application 

Laid-open No. Hll-204511 
[Disclosure of the Invention] 
[Problems to be Solved by the Invention] 
[0005 ] 

According to the conventional oxidation method, 
oxidation speed of (110) plane having greater Si atom surface 
density becomes two times greater than that of (100) plane 
in a thin film oxidation region depending upon Si atom surface 
density of a surface of an Si substrate between surface 
orientations of different Si substrates, e.g., between the 
(100) plane and the (110) plane. Further, oxidation 
resistance is high on an Si 3 N 4 , the Si 3 N 4 is used as a barrier 
layer against oxidation, and oxidation does not proceed almost 
at all. 
[0006] 

Contrary to this , in a method in which oxygen and hydrogen 
are respectively introduced into a reaction chamber having 
vacuum atmosphere from independent gas supply systems and 
oxygen and hydrogen are made to be directly react in the vicinity 
of a substrate to be processed, because reaction with the 
substrate proceeds before forming water, growing speed at 



10 



initial stage of oxidation is fast, a difference in growing 
speeds between surface orientations of different Si substrates 
and a growing speed on the Si 3 N 4 is reduced and as a result, 
a difference in film thickness can remarkably be reduced, and 
isotropic oxidation can be carried out. 
[0007] 

When isotropic oxidation is to be carried out by a batch 
type vertical apparatus, however, there is a problem in the 
conventional method that because gas is supplied from only 
upstream of the substrates which are subjects to be processed, 
hydrogen concentration is varied in the processing chamber 
due to disposition locations of the substrates multi-stacked 
in the vertical direction, and as a result, thicknesses of 
the formed oxide films are largely varied. 
[0008] 

It is an object of the present invention to provide a 
producing method of a semiconductor device and a substrate 
processing apparatus which are capable of producing a high 
quality semiconductor device while suppressing a case in which 
hydrogen concentration is varied depending upon the 
disposition locations of the substrates and oxide film 
thicknesses are largely varied when isotropic oxidation is 
carried out in a batch-type vertical apparatus. 
[Means to Solve the Problem] 
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[0009] 

A first feature of the present invention is a producing 
method of a semiconductor device , characterized by comprising : 

a step for transferring a plurality of substrates into 
a processing chamber; 

a step for supplying oxygen-containing gas from upstream 
of said plurality of substrates transferred into said processing 
chamber; 

a step for supplying hydrogen-containing gas from upstream 
of said plurality of substrates transferred into said processing 
chamber and from a half-way location corresponding to a region 
where said plurality of substrates exist; 

a step for allowing said oxygen-containing gas and 
hydrogen-containing gas to react with each other in said 
processing chamber to oxidize said plurality of substrates; and 

a step for transferring said processed substrates out from 
said processing chamber, wherein 

in the step for supplying said hydrogen-containing gas, 
flow rates of said hydrogen-containing gas supplied from the 
supply locations are different from each other. 
[0010] 

A second feature of the present invention is a producing 
method of a semiconductor device in the first feature, 
characterized in that 
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the step for oxidizing said substrates is carried out in 
a state in which pressure in said processing chamber is lower 
than atmospheric pressure. 
[0011] 

A third feature of the present invention is a producing 
method of a semiconductor device in the first feature, 
characterized in that 

said oxygen-containing gas is at least one of gases 
selected from the group consisting of oxygen gas and nitrous 
oxide gas, and said hydrogen-containing gas is at least one of 
gases selected from the group consisting of hydrogen gas , ammonia 
gas and methane gas . 
[0012] 

A fourth feature of the present invention is a producing 
method of a semiconductor device in the first feature, 
characterized in that 

said oxygen-containing gas is oxygen gas and said 
hydrogen-containing gas is hydrogen gas. 
[0013] 

A fifth feature of the present invention is a producing 
method of a semiconductor device in the first feature, 
characterized in that 

a surface of said substrate includes different crystal 
orientation planes, or includes polycrystalline silicon by CVD 
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or silicon nitride. 
[0014] 

A sixth feature of the present invention is a substrate 
processing apparatus, characterized by comprising: 

a processing chamber which processes a plurality of 
substrates ; 

a holding tool which holds said plurality of substrates 
in said processing chamber; 

an oxygen-containing gas supply line which supplies 
oxygen-containing gas to said plurality of substrates from 
upstream of said plurality of substrates; 

hydrogen-containing gas supply lines which supply 
hydrogen-containing gas to said substrates from upstream of said 
plurality of substrates and from a half-way location 
corresponding to a region where said plurality of substrates 
exists ; 

an exhaust line which exhaust inside of said processing 
chamber; and 

a control means which controls such that flow rates of 
said hydrogen-containing gas supplied from the 
hydrogen-containing gas supply lines are different from each 
other . 
[0015] 

A seventh feature of the present invention is a substrate 
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processing apparatus in the sixth feature, characterized in 
that 

said substrate processing apparatus further comprises a 
control means which controls such that pressure in said 
processing chamber becomes lower than atmospheric pressure. 
[0016] 

A eighth feature of the present invention is a substrate 
processing apparatus in the sixth feature, characterized in 
that 

said hydrogen-containing gas supply lines comprise a 
supply line which supplies hydrogen- containing gas from upstream 
of said plurality of substrates and a supply line which supplies 
said hydrogen-containing gas from a half-way location 
corresponding to the region where the plurality of substrates 
exist, said supply lines are disposed independently from each 
other, and said control means controls such that flow rates of 
said supply lines are different from each other. 
[0017] 

A ninth feature of the present invention is a substrate 
processing apparatus in the sixth feature, characterized in 
that 

said hydrogen-containing gas supply lines comprise a 
supply line which supplies hydrogen- containing gas from upstream 
of said plurality of substrates and a plurality of supply lines 
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which supply said hydrogen-containing gas from a plurality of 
half-way locations corresponding to the region where the 
plurality of substrates exist, said supply lines are disposed 
independently from each other, and said control means controls 
such that flow rates of said supply lines are different from 
each other. 
[0018] 

A tenth feature of the present invention is a substrate 
processing apparatus in the eighth feature, characterized in 
that 

said supply lines respectively have mass flow controllers . 

[0019] 

A eleventh feature of the present invention is a substrate 
processing apparatus in the ninth feature, characterized in 
that 

said supply lines respectively have mass flow controllers . 
[Effect of the Invention] 
[0020] 

According to the present invention, it is possible to 
largely reduce a difference in growing speed of oxide film 
on silicon surfaces of different surface orientations on 
silicon substrates formed during the process step of various 
semiconductor wafers as compared with the conventional 
oxidation method. When a plurality of substrates are to be 
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processed by a batch type vertical apparatus, it is possible 
to suppress variation in oxide film thickness caused by 
variation of hydrogen concentration on each substrate, and 
it is possible to produce a high quality semiconductor device. 
[Best Mode for Carrying out the Invention] 
[0021] 

The present inventors found that, isotropic oxidation, 
oxygen and hydrogen directly react with a substrate heated 
by the heating source in the vicinity of the substrate and 
its film forming speed is supply rate-determining reaction 
of hydrogen , and the inventors devised that two or more hydrogen 
supply passages are brought into communication with the 
reaction chamber so as to constantly set forming speed of films 
on substrates stacked on one another in the vertical direction . 
With this, it is possible to eliminate attenuation of hydrogen 
concentration in downstream direction of gas flow in the 
reaction chamber that is caused when hydrogen supplied from 
upstream of the reaction chamber reacts with oxygen supplied 
from upstream of the reaction chamber directly above the 
substrate and is consumed- The present inventors succeeded 
in enhancing the consistency of thicknesses of oxide films 
on aplurality of substrates when isotropic oxidation is carried 
out using a batch type vertical apparatus. 
[0022] 
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Embodiments of the present invention will be explained 
based upon the drawings. 

Fig. 1 is to explain a batch type vertical semiconductor 
producing apparatus (oxidation apparatus) as a substrate 
processing apparatus of this embodiment. A reaction furnace 
20 includes a reaction tube 21 . A boat 2 as a substrate holding 
tool is inserted into a reaction chamber (processing chamber) 
4 formed by the reaction tube 21. The holding tool 2 holds 
a plurality of semiconductor wafers (silicon wafers) 1 as 
substrates in a multi- stacked manner in their horizontal 
attitudes at gaps ( substrate pitch distances ) from one another. 
A lower portion of the reaction tube 21 is opened so that the 
holding tool 2 is inserted thereinto, and this opening is 
tightly closed with a seal cap 22. A resistance heater 5 as 
a heat source is disposed around the reaction tube 21. 
Connected to the reaction tube 21 are oxygen supply line 7 
which supplies oxygen (0 2 ) gas as oxygen-containing gas to 
substrates from upstream thereof , a first hydrogen supply line 
8 which supplies hydrogen (H 2 ) gas as hydrogen-containing gas 
to the substrates from the upstream thereof, and a second 
hydrogen supply line 9 which supplies hydrogen (H 2 ) gas as 
hydrogen-containing gas to the substrates from an intermediate 
location corresponding to a region where the plurality of 
substrates exist. It is preferable to provide a plurality 
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of second hydrogen supply lines 9. The supply lines 7, 8 and 
9 are respectively provided with solenoid valves 6 for supplying 
gas and stopping the supply of gas. An exhaust line 23 is 
connected to the reaction tube 21 for exhausting process gas, 
and a vacuum pump 3 is connected to the exhaust line 23 . During 
the processing of the substrates, the pressure in the reaction 
tube 21 is brought into a predetermined pressure (vacuum) lower 
than the atmospheric pressure by the vacuum pump 3 , and control 
means 24 controls the pressure. 
[0023] 

Next, a method for subjecting the substrates to the 
oxidation processing as one step of a producing step of the 
semiconductor device using the above-described oxidation 
apparatus will be explained. 
[0024] 

If one batch of wafers 1 is transferred to the holding 
tool 2, the holding tool 2 in which the plurality of wafers 
1 are loaded is loaded into a processing chamber 4 of the reaction 
furnace 20 whose heated state is maintained by the heat source 
5, and the reaction tube 21 is tightly closed with the seal 
cap 22. The reaction tube 21 is evacuated from the vacuum 
pump 3 , and the control means 24 controls such that the pressure 
in the furnace becomes equal to predetermined processing 
pressure which is lower than the atmospheric pressure. The 
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temperature in the furnace is increased, and the control means 
24 controls the temperature in the furnace becomes equal to 
the predetermined processing temperature. Thereafter, the 
oxygen supply line 7 supplies oxygen into the processing chamber 
4, the first hydrogen supply line 8 and the second hydrogen 
supply line 9 supply hydrogen gas into the processing chamber 
4. With this, oxygen gas and hydrogen gas directly react with 
each other in the vicinity of the substrate heated by the heat 
source 5, reaction species are generated, and the wafers 1 
are subjected to the oxidation processing. This oxidation 
processing is called radical oxidation processing or reduced 
pressure oxidation processing, etc. Examples of the 
processing temperature are 500 to 1000°C, and examples of the 
processing pressure are 1 to 133 Pa. 
[0025] 

If the oxidation processing of wafers 1 is completed, 
residual gas is eliminated by purge using evacuation or inert 
gas, the temperature in the furnace is reduced to a 
predetermined temperature and then, the holding tool 2 is 
unloaded from the reaction furnace 20, and the holding tool 
2 is brought into a standby state until all of the wafers 1 
supported by the holding tool 2 are cooled. When the wafers 
1 held by the holding tool 2 which is in the standby state 
are cooled to a predetermined temperature, the wafers are 
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collected by a substrate transfer device or the like. 
[0026] 

According to this embodiment, a difference in growing 
speeds of oxide films on silicon surfaces of different surface 
orientations on wafer substrates formed through a process step 
of various semiconductor wafers can largely be reduced as 
compared with the conventional oxidation method (dependence 
on surface orientation of processed wafer can be reduced) . 
In addition, when a plurality of wafers are to be processed 
by a vertical substrate processing apparatus, it is possible 
to suppress the variation in oxide film thicknesses which might 
be caused due to variation in hydrogen concentration on each 
wafer. The present invention is especially effective when 
surfaces of a substrates which are subjected to oxidation 
processing have different crystal orientation surfaces, or 
are polycrystalline silicon by CVD or a silicon nitride. 
[0027] 

Although a case in which oxygen gas is used as the 
oxygen-containing gas, and a case in which hydrogen gas is 
used as the hydrogen-containing gas are explained in the above 
embodiment, at least one of gasses selected from a group 
comprising oxygen (0 2 ) gas and nitrous oxide (N 2 0) gas can be 
used as the oxygen-containing gas, and at least one of gasses 
selected from a group comprising hydrogen (H 2 ) gas, ammonia 
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(NH 3 ) and gas and methane (CH 4 ) gas can be used as the 
hydrogen-containing gas . 
[Embodiment 1] 
[0028] 

Next , a substrate processing apparatus of the embodiment 
1 will be described in detail using Fig. 4. 

The pressure in the reaction chamber 4 is reduced 
through the vacuum pump 3. The oxygen supply line 7 and 
the first hydrogen supply line 8 which are independent from 
each other are connected to the reaction chamber 4. Oxygen 
gas and hydrogen gas are not mixed with each other before 
they are supplied to the reaction chamber 4 , and active 
hydrogen and oxygen react with each other in the very vicinity 
of the wafer, which is an object to be processed, heated 
by the heat source 5. Therefore, oxidation speed can be 
increased in the initial stage of oxidation. 
[ 0029 ] 

The acceleration of the oxidation speed depends on 
hydrogen concentration in the vicinity of the wafers. In a 
structure in which hydrogen gas is supplied only through the 
hydrogen supply line 8 from upstream of an arrangement of the 
wafers 1, hydrogen gas contributes to the oxidation reaction 
and with this, the hydrogen gas is consumed toward the 
downstream of the arrangement of the wafers, the hydrogen gas 
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concentration is different depending upon the disposition 
location of the wafer and as a result, film thickness 
consistency is largely deteriorated. 
[0030] 

To compensate a deficiency of hydrogen gas which is 
consumed by the oxidation reaction and depleted downstream, 
a second, a third. . . hydrogen supply lines 9 are provided as 
supply lines of hydrogen, in addition to the first hydrogen 
supply line 8. With this, it is possible to supply hydrogen 
gas to substrates from a plurality of locations on the way 
to a region where the plurality of wafers 1 exist. Therefore, 
it is possible to improve the film thickness consistency of 
the plurality of wafers 1 disposed in the reaction chamber 
4 . The second and third hydrogen supply lines 9 are independent 
from each other, gas jet openings thereof are directed toward 
the wafers (opposed to the wafers 1), and hydrogen can be 
supplied to locations in the vicinity of the wafers without 
being mixed with oxygen supplied from the oxygen supply line 
7 connected to an upstream portion of the arrangement of the 
wafers . 

[Embodiment 2] 
[0031] 

Next # a substrate processing apparatus of the embodiment 
2 will be described in detail using Fig. 2. 
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Like the embodiment 1, the first hydrogen supply line 
8 which is independent from the oxygen supply line 7 is 
connected to the reaction chamber 4. The embodiment 2 is 
different from the embodiment 1 in that the second, the 
third. . .hydrogen supply lines 9 which are independent from 
the first hydrogen supply line 8 are connected to a plurality 
of (multi-system) nozzles which rise along an inner wall 
of the reaction tube 21 in the reaction chamber 4 and which 
have different lengths . More specifically, the second, the 
third. . . hydrogen supply lines 9 are connected to a second 
hydrogen supply nozzle 10 , a third hydrogen supply nozzle 11 ... , 
which have different lengths in the direction of the arrangement 
of the wafers, and hydrogen concentration in the reaction 
chamber in the direction of the arrangement of the wafers 
(vertical direction) can be adjusted. Tip ends of the nozzles 
are respectively opened, and the openings are gas jet openings . 
The gas jet openings are directed upward in the reaction chamber 
4, not toward the wafers 1, but the gas jet openings may be 
directed toward the wafers (opposed to the wafers 1) like the 
embodiment 1 . 
[Embodiment 3] 
[0032] 

Next , a substrate processing apparatus of the embodiment 
3 will be described in detail using Fig. 3. 
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Like the embodiment 1, the first hydrogen supply line 
8 which is independent from the oxygen supply line 7 is connected 
to the reaction chamber 4, and to compensate a deficiency of 
hydrogen gas which is consumed by the oxidation reaction and 
depleted downstream, a plurality of second, third. . .hydrogen 
supply lines 9 are provided, in addition to the first hydrogen 
supply line 8. The embodiment 3 is different from the 
embodiment 1 in that each of the oxygen supply line 7 , the 
first hydrogen supply line 8 and the second, the third... 
hydrogen supply lines 9 has a mass flow controller 12 capable 
of adjusting a flow rate. With this, it is possible to adjust 
oxygen flow rate and hydrogen flow rate flowing through the 
respective supply lines, and to finely control the hydrogen 
concentration in the reaction chamber. 
[ Embodiment 4 ] 
[0033] 

Next, a substrate processing apparatus of the embodiment 
4 will be described in detail using Fig. 4. 

Like the embodiment 1, the first hydrogen supply line 
8 which is independent from the oxygen supply line 7 is connected 
to the reaction chamber 4. The embodiment 4 is different from 
the embodiment 1 in that a porous nozzle 13 is provided instead 
of the second, the third. . .hydrogen supply lines 9 which are 
independent from the first hydrogen supply line 8 and which 
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are half-way supply nozzles for adjusting hydrogen 
concentration in the reaction chamber. A tip end of the porous 
nozzle 13 is sealed, and the porous nozzle 13 is provided at 
its side surface with at least two small holes . It is possible 
to control the hydrogen concentration in the reaction chamber 
without using a plurality of hydrogen lines . The porous nozzle 
13 may be provided at its side surface with at least two kinds 
small holes having different diameters, i.e. , opening areas. 
That is , the small holes may have at least two or more different 
diameters. With this, it is possible to finely control the 
flow rate of hydrogen flowing out from the respective small 
holes . 

[Embodiment 5 ] 
[0034] 

Next , a substrate processing apparatus of the embodiment 
5 will be described in detail using Fig. 5. 

Fig. 5 shows an embodiment in which a flowing direction 
of gas in the reaction chamber 4 is different from that of 
each of the embodiment 1 to 4 shown in Figs. 1 to 4 . In 
the embodiments 1 to 4 , gas basically flows in the reaction 
chamber 4 from above to below. In the embodiment 5, gas 
in the reaction chamber 4 flows from below to above. In 
the structure of the reaction chamber 4 , an outer tube 
(reaction tube) 21 includes an inner tube 14 therein, and 
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an interior of the reaction chamber 4 is divided by the inner 
tube 14. Oxygen and hydrogen which are reaction gases are 
supplied into the inner tube 14 from a lower portion of the 
reaction chamber respectively. A half-way supply hydrogen 
supply nozzle rises vertically inside of the inner tube 14. 
Gas after reaction and unreacted gas pass outside of the 
inner tube 14 (through a space between the inner tube 14 
and the outer tube 21) and the gases are exhausted from the 
exhaust line 23 and the vacuum pump 3. 
[ Embodiment 6 ] 
[0035] 

Next , a substrate processing apparatus of the embodiment 
6 will be described in detail using Figs. 6 and 7. 

According to the embodiment 6 , many H 2 gas lines 
(multi-system) are prepared as hydrogen-containing gas supply 
lines, flow rates of H 2 in the gas lines are set different 
from each other and are optimized so as to enhance film thickness 
consistency between the wafers. This substrate processing 
apparatus is called a vertical furnace, and comprises the 
reaction furnace which carries out vacuum oxidation (radical 
oxidation) processing for substrates, and a transfer chamber 
for transferring wafers existing below the reaction furnace. 
When the oxidation processing is to be carried out, the boat 
carrying a plurality of wafers is brought into the reaction 
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furnace from the transfer chamber. Fig. 6 shows a state in 
which wafers are loaded on the boat in the transfer chamber. 
Fig. 7 shows a state in which boat on which the wafers are 
loaded is loaded into the reaction furnace. The structure 
of the reaction furnace 20 is the same as that of the embodiment 
5, and gas flows in the reaction chamber 4 from below to above. 
In Fig, 6, the heater is not shown for the sake of convenience. 
[0036] 

The structure of the reaction chamber 4 is also the same 
as that of the embodiment 5. The outer tube (reaction tube) 
21 includes the inner tube 14 therein, and an interior of 
the reaction chamber 4 is divided by the inner tube 14 . When 
the vacuum oxidation processing is to be carried out for 
the substrates, 0 2 as oxygen-containing gas and H 2 as 
hydrogen-containing gas which are reaction gas are supplied 
inside of the pressure-reduced inner tube 14 from upstream 
of the arrangement of wafers through the oxygen supply line 
(nozzle) 7 and the first hydrogen supply line (nozzle) 8 
which are provided in the furnace opening flange of a lower 
portion of the reaction chamber 4. The second 

hydrogen-containing gas supply line (nozzle) 10 and the 
third hydrogen-containing gas supply line (nozzle) 11 which 
are half-way supply lines (nozzles) for adjusting hydrogen 
concentration vertically rise inside of the inner tube 14. 
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These second hydrogen-containing gas supply nozzle 10 and 
third hydrogen-containing gas supply nozzle 11 are formed 
and disposed in the same manner as the embodiment 2. 
Hydrogen gas is supplied to the substrates 1 from a plurality 
of half - way portions of a region where the plurality of wafers 

1 exist through the second hydrogen-containing gas supply 
nozzle 10 and the third hydrogen-containing gas supply 
nozzle 11. In this manner, 0 2 is introduced from one line 
(nozzle ) , but H 2 is introduced from many ( mult i- system) lines 
(nozzles). Each of the H 2 lines has an MFC (mass flow 
controller) for adjusting the flow rate (not shown). The 

0 2 line may also have an MFC (mass flow controller) . These 
MFCs provided in the lines are controlled by the control 
means 24 . Gas after reaction and unreacted gas pass outside 
of the inner tube 14 (through a space between the inner tube 
14 and the outer tube 21) and the gases are exhausted from 
the exhaust line and the vacuum pump (both not shown). 
[0037] 

The present inventors carried out the vacuum oxidation 
(radical oxidation) processing for the substrates using this 
substrate processing apparatus as an experiment, and found 
that the film thickness consistency between the wafers was 
largely varied by changing the film thickness of H 2 of each 
H 2 line. A result of the experiment is shown in Fig. 8. Fig. 
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8 shows a result of wafer film thicknesses at various positions 
on the boat obtained while changing the flow rate of H 2 from 
each H 2 nozzle. The lateral axis shows positions of the boat 
(slot numbers as measured from the lowermost slot). The 
vertical axis shows film thickness. In the drawing, 
(short/intermediate/long) means H 2 nozzles 8, 11 and 10, and 
H 2 (short/intermediate/long) = 220/145/135cc means that set 
flow rates of the H 2 nozzle 8, H 2 nozzle 11 and H 2 nozzle 10 
are 220sccm, 145sccm and 135sccm, respectively. There exists 
one 0 2 nozzle 71 , and its flow rate is 2500sccm and is constant . 
It can be found from Fig. 8 that the film thickness consistency 
is enhanced if the H 2 flow rates of the H 2 nozzles are different 
from each other as compared with a case in which the flow rates 
of the lines are constant. The optimal film thickness 
consistency is obtained when (short/intermediate/long) = 
220/145/135cc . From this, it is preferable that flow rates 
of H 2 supplied from the lines are set greater toward upstream 
( smaller toward downstream) . This result is one obtained when 
172 wafers are processed at the same time, the temperature 
in the furnace is 850°C, the pressure is 35Pa and there are 
three H 2 lines. Of course, the same tendency is shown even 
if the number of wafers to be processed is increased or decreased, 
or the number of H 2 lines is two, four or more. This result 
is obtained when a double reaction tube type furnace body having 
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CVD structure is used, but even with a structure having no 
inner tube such as a diffusion furnace is used, it can be said 
that the same effect can be obtained. It can be found from 
this result , the film thickness consistency between the wafers 
can be enhanced by optimizing the flow rate of H 2 in each line. 

Since the reaction generated in the furnace is supply 
rate-determining, gas becomes depleted toward the exhausting 
direction and consistency between wafers becomes poor, but 
since the flow rate of H 2 to be half-way supplied may be set 
such that only deficiency of gas can be compensated, the most 
upstream has the greatest flow rate accordingly. 
[ Embodiment 7 ] 
[0038] 

Next, the embodiment 7 will be explained in detail using 
Fig. 9. 

The embodiment 7 relates to a result of an experiment 
carried out using the substrate processing apparatus of the 
embodiment 6 . 

Fig. 9 shows distribution of wafer film thicknesses on 
various positions on the boat generated by changing the 
processing ( film forming ) pressure . There exists one 0 2 nozzle , 
and its flow rate is 2500sccm and is constant . There are three 
H 2 nozzles, and their flow rates are set to 
short /intermediate /long = 240/145/135cc. Itcanbe found from 
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Fig, 9 that the processing pressure is preferably equal to 
or lower than 35Pa. It can also be found that the higher the 
pressure is , the poorer the film thickness distribution between 
wafers becomes. From this, it can be said that the flow rates 
of the H 2 nozzles and the number of the nozzles should be 
optimized by the processing pressure. 
[Embodiment 8] 
[0039] 

Next, the embodiment 8 will be explained in detail with 
using Fig. 10. 

The embodiment 8 relates to a result of an experiment 
carried out using the substrate processing apparatus of the 
embodiment 6 . 

Fig. 10 shows distribution of wafer film thicknesses 
on various positions on the boat generated by changing the 
processing (film forming) temperature. There exists one 0 2 
nozzle, and its flow rate is 2500sccm and is constant. There 
also exists one H 2 nozzle, and its flow rate is 240sccm. It 
can be found from Fig. 10 that the processing temperature is 
preferably equal to or lower than 700°C. As the processing 
temperature is lower, the film thickness distribution is 
improved, and as the processing temperature is higher, the 
film thickness distribution becomes poorer. From this, it 
can be said the flow rates of the H 2 nozzles and the number 
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of the nozzles should be optimized by the processing temperature 

like the embodiment 7 . 

[Brief Description of the Drawings] 

[0040] 

[Fig. 1] 

Fig. 1 is a schematic sectional view showing a substrate 
processing apparatus according to an embodiment 1 of the present 
invention. 
[Fig. 2] 

Fig. 2 is a schematic sectional view showing a substrate 
processing apparatus according to an embodiment 2 of the present 
invention . 
[Fig. 3] 

Fig. 3 is a schematic sectional view showing a substrate 
processing apparatus according to an embodiment 3 of the present 
invention. 
[Fig. 4] 

Fig. 4 is a schematic sectional view showing a substrate 
processing apparatus according to an embodiment 4 of the present 
invention . 
[Fig. 5] 

Fig. 5 is a schematic sectional view showing a substrate 
processing apparatus according to an embodiment 5 of the present 
invention . 
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[Fig. 6] 

Fig. 6 is a schematic sectional view showing a substrate 
processing apparatus according to an embodiment 6 of the present 
invention . 
[Fig. 7] 

Fig. 7 is a schematic sectional view showing a substrate 
processing apparatus according to an embodiment 7 of the present 
invention . 
[Fig. 8] 

Fig. 8 is a diagram showing a result of an experiment 
according to the embodiment 6 of the present invention . 
[Fig. 9] 

Fig. 9 is a diagram showing a result of an experiment 
according to the embodiment 7 of the present invention. 
[Fig. 10] 

Fig. 10 is a diagram showing a result of an experiment 
according to the embodiment 8 of the present invention. 
[Description of the Symbols] 
[0041] 

1 wafer 

2 wafer holding tool 

3 vacuum pump 

4 reaction chamber 

5 heat source 
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solenoid valve 

oxygen supply line 

first hydrogen supply line 

second hydrogen supply line 

0 first hydrogen supply nozzle 

1 second hydrogen supply nozzle 

2 mass flow controller 

3 porous nozzle 
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[Document Name] Document of Abstract 

[Abstract ] 

[Object] 

It is an object of the present invention to provide a 
producing method of a semiconductor device and a substrate 
processing apparatus which are capable of producing a high 
quality semiconductor device while suppressing a case in which 
hydrogen concentration is varied depending upon the 
disposition locations of the substrates and oxide film 
thicknesses are largely varied when isotropic oxidation is 
carried out in a batch- type vertical apparatus. 
[Means to Solve the Problem] 

A producing method of a semiconductor device comprises: 
a step for transferring a plurality of substrates 1 into a 
processing chamber 4; a step for supplying oxygen-containing 
gas from upstream of the plurality of substrates 1 transferred 
into the processing chamber 4; a step for supplying 
hydrogen-containing gas from upstream of the plurality of 
substrates 1 transferred into the processing chamber 4 and from 
a half -way location corresponding to a region where the plurality 
of substrates exist; a step for allowing the oxygen-containing 
gas and the hydrogen-containing gas to react with each other 
in the processing chamber 4 to oxidize the plurality of substrates 
1; and a step for transferring the processed substrates 1 out 
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from the processing chamber 4, wherein in the step for supplying 
the hydrogen-containing gas, flow rates of the 
hydrogen-containing gas supplied from the supply locations are 
different from each other. 
[Selected Figure] Fig. 1 
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